###### Learning Point of the Article:

The long platform PPP measurement system is useful for the evaluation of foot reconstructive surgery and the development of treatments that can yield further improvements in the results.

Introduction {#sec1-1}
============

The extensor digitorum brevis(EDB)has an average length and width of 5.9 and 2.4--3.9cm, respectively \[[@ref1]\]. It is vascularized by the lateral tarsal artery and vein, which is an independent vascular pedicle that branches from the dorsalis pedis artery and vein. An EDB flap can be used to cover a small soft-tissue defect and has been widely used as an island flap with antegrade flow to cover defects around the ankle and dorsal foot \[[@ref2], [@ref3], [@ref4], [@ref5], [@ref6], [@ref7]\], a functioning free EDB muscle flap \[[@ref8], [@ref9], [@ref10]\], and to cover the upper lip \[[@ref11]\]. The EDB can also be used as a reverse-flow flap because of its connection to the plantar arterial system and ability to cover the distal dorsal foot and toe. However, there are few reports on such an approach for the toe \[[@ref12],[@ref13]\]. Postoperative evaluation of flaps for foot reconstruction is conventionally conducted based on flap engraftment, appearance, and the use of subjective questionnaires such as the Enneking\[[@ref14]\] and foot function index (FFI) \[[@ref15]\] questionnaires. However, pain greatly affects the Enneking and FFI scores (by 26.9% and 33.3%, respectively \[[@ref16]\]), so they can only be used as proxy assessments of lower limb function. Gaite valuation is considered necessary for foot function assessment. However, few reports evaluate gait after foot flap surgeries. Due to technological advancements, clinical gait can now be analyzed using three-dimensional motion analysis or pressure platforms. We hypothesized that these approaches could be used to evaluate gait after foot flap surgery. In this report, we describe a reverse EDB flap surgery to treat a hallux injury, and a plantar partial pressure (PPP) analysis performed as a postoperative functional evaluation.

Ethics statement {#sec1-2}
================

This study was approved by the institutional review board at the authors' institution. The patient was informed that data from the case would be submitted for publication and gave his consent.

Case Report {#sec1-3}
===========

A 500kg iron plate fell onto the right hallux of a male 30-year-old laborer, who was referred to our clinic 10 days later, due to necrosis of the hallux. Carbonization from the center of the proximal phalanx of the hallux and a fracture at the proximal phalanx without dislocation were observed ([Fig.1a](#F1){ref-type="fig"}-c). During surgery, carbonization and ischemia were observed in the distal phalanx. To remove necrotic tissue, the hallux was amputated at the interphalangeal joint ([Fig. 1d](#F1){ref-type="fig"}), and the soft-tissue defect of the base phalanx was covered with a reverse EDB flap.

![(a--b) Preoperative images of the right hallux. (c) Preoperative radiograph of the right hallux. (d) Intraoperative images after removal of the necrotic tissue.](JOCR-9-75-g001){#F1}

Surgical technique for the EDB flap {#sec1-4}
===================================

A straight skin incision was made along the dorsalis pedis artery, from the distal end of the extensor retinaculum to the stump of the hallux. The long extensor tendonswere retracted to expose the EDB. The distal end of the EDB was separated at the muscle-tendon junction, and the proximal end of the muscle was dissected from the insertion at the metatarsal bone. The EDB flap was elevated, and the dorsalis pedis vascular pedicle was cut proximal to the flap. The deep peroneal nerve was preserved. The distal parts of the dorsalis pedis artery and vein were dissected to the pivot point to elevate the flap ([Fig. 2a](#F2){ref-type="fig"}). This was rotated to cover the bony and tendinous surface of the base of the hallux, fixed with bolster sutures ([Fig. 2b](#F2){ref-type="fig"} and [c](#F2){ref-type="fig"}), and a split-thickness thigh skin graft was used to cover it ([Fig. 2d](#F2){ref-type="fig"}). The muscle flap survived, but the plantar skin graft caused partial necrosis, so a supplemental skin graft was added 8weeks later.3months post-surgery, the patient could walk without protection of the affected site. At the final follow-up 12-monthpost-surgery, the patient experienced no pain during walking and was able to jog. The donor and recipient sites healed completely ([Fig. 2e](#F2){ref-type="fig"} and [f](#F2){ref-type="fig"}).

![(a-d) Intraoperative images of the reverse extensor digitorum brevis flap. (e and f) The surgical site at the right hallux, 12 months after surgery.](JOCR-9-75-g002){#F2}

Gait analysis {#sec1-5}
=============

We constructed a 4-m-long platform with eight 0.5-m-long foot pressure panels (P-Walk®, BTS Bioengineering, Italy; [Fig. 3a](#F3){ref-type="fig"}). The patient walked on this platform at his normal walking speed. Data were analyzed using G-Studio software (BTS Bioengineering). Velocity (km/h), cadence(steps/min), percentage of single-leg support phase on the affected side, and PPPwereevaluated. The maximum PPPforsix regions (T1, hallux; M1, first metatarsal head; M3, third metatarsal head; M5, fifth metatarsal head; MF,midfoot;and HL, heel) wascalculated fromthe averaged values of the last three steps taken on eachfoot ([Table 1](#T1){ref-type="table"}). Measurements were madethree and 12 months after surgery.

![(a)Image of a 4m long platform plantar partial pressure(PPP) measurement system. (b and c) Images of PPP analysis. (b)3 months after surgery, (c) 12 months after surgery.](JOCR-9-75-g003){#F3}

###### 

Gait parameters analysis and PPP analysis

![](JOCR-9-75-g004)

Results {#sec1-6}
=======

The patient's walking velocity increased over time. There was no substantial change in cadence, but the single-support phase on the affected limb increased markedly at 6-month post-surgery ([Table 1](#T1){ref-type="table"}). The load applied to M1increased over time, whereas load was attenuated in MF (Tables [1](#T1){ref-type="table"}; [Fig. 3b](#F3){ref-type="fig"} and [c](#F3){ref-type="fig"}).

Discussion {#sec1-7}
==========

There is a previous report of eight patients with reverse-flow EDB flaps on their feet, one of whom had an EDB flap covering the dorsal side of the hallux \[[@ref12]\]. A reverse EDB flap also has been used to cover the dorsal toe, with an advanced flap over the plantar side \[[@ref13]\]. Although it is preferable to use tissue with thick skin to cover the load-bearing sole, the advanced flap may affect walking by diminishing sensation or causing pain in the first metatarsophalangeal (MTP) joint. Here, we used an EDB flap to cover the dorsal and plantar sides of the proximal phalanx. The plantar-side skin of the proximal phalanx is thin and not suitable for load bearing; however, the load at the first MTP is more important than that at the proximal phalanx, and we were able to preserve normal conditions at that point by avoiding surgical intervention there. However, flap distance is limited to the length from the dorsal to the plantar sides of the proximal phalanx. Thus, the same flap cannot cover both the dorsal and plantar side of the distal phalanx. There are few reports of gait evaluation in postoperative assessment following foot reconstruction involving flaps or in donor-site assessment after harvesting a lower limb flap. One study, using three-dimensional gait analysis and platform-type plantar pressure analysis, found significant differences in lower-limb joint mobility between the donor and contralateral limbs after a medial plantar artery flap \[[@ref17]\]. Walking patterns were compared in patients who received flap coverage of either the sole or non-weight-bearing areas of the foot. In both groups, peak pressureswere greater, and the single-leg support phase on the affected side was shorter \[[@ref16]\]. Finally, an analysis of the dynamic loading performance of patients with fasciocutaneous flaps over their heels found that the affected heels retained high functionality \[[@ref18]\]. Various quantification equipment using different technologies including insole type \[[@ref19], [@ref20]\] and platform type \[[@ref21], [@ref22]\] have been developed for foot pressure analysis. Among them, the long-platform PPP measurement system used in this report has several advantages over other methods. First, we could observe changes in dynamic pressure during continuous walking and take at least five footsteps for each foot. In contrast, only one 0.4--0.5 m panel was used in the aforementioned studies \[[@ref16], [@ref18]\]. Second, we could evaluate stride, walking cycle, and single-leg support rate without further motion analysis. Third, there was no need to attach or calibrate a marker, and measurements could begin without preparation. This study provides a case study of the evaluation of gait recovery after a reverse EDB flap, using the long-platform-type PPP measurement system. The results indicate the following: MF was compensating for M1, which could not bear a full walking load during the early postoperative period; the PPP of M1 was higher than that of the unaffected side; and the cadence and single-leg support rate were equal to the unaffected side 12-monthpost-surgery. A normal gait was thus obtained by covering the basal part of the hallux with an EDB flap and preserving the MTP joint. In addition, although the distal phalanx was absent and the proximal phalanx had no weight-bearing ability, we suggest that the MTP bores a greater pressure than the unaffected side because it was compensating for the hallux. This study has some limitations. First, it lacks comparison with preoperative findings; we were unable to assess pre-surgery PPP because the patient could not walk. Instead, we observed postoperative gait recovery by comparing the post-surgical results. Second, we cannot conclude that preserving the base phalanx is better for walking because this study is a case report, and there is no control group that has lost the base phalanx. The answer will come out if further study is done to compare the gait changes due to differences in the defect level of the great toe using the gait analysis presented in this study. Finally, the short follow-up period is one of the limitations of this study. As a long-term complication, Osteoarthritis at the first MTP is concerned. The first MTP was not damaged at the initial injury, so it is considered unlikely to progress to arthritis even in the long term. However, since the maximum value of the partial pressure of M1 was found to be higher than that of the health side also in this research result, it is thought that deletion of toe may have some effect on overload.

Conclusion {#sec1-8}
==========

This report provides a case study of the evaluation of gait recovery after a reverse EDB flap, using the long platform-type PPP measurement system. A nearly normal gait was obtained by covering the basal part of the hallux with an EDB flap and preserving the MTP joint.

###### Clinical Message

The long platform PPP measurement system we created made it possible to measure not only the PPP but also multiple gait parameters including velocity, cadence and walking cycle simultaneously. We recommend to perform gait analysis as functional evaluation after foot reconstruction.
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